A 22-month-old girl with Down's syndrome with a direct communication between the right pulmonary artery and left atrium leading to systemic desaturation is presented. She also had an atrial septal defect of the secondum type, which spontaneously closed. She underwent successful ligation of the abnormal communication. The literature is reviewed and, considering the high incidence of cerebral and systemic emboli, early surgical intervention is recommended.
Jpn. Heart J. January 1984 Table I Down's syndrome were noted at birth. Due to cyanosis, cardiac enlargement and pulmonary plethora, the infant underwent cardiac evaluation at 12 hours of age. The arterial PO2 under 100% oxygen by hood was 41 torr. A twodimensional echocardiogram showed grossly normal cardiac anatomy. A cardiac catheterization (Table I) showed evidence of a left-to-right and rightto-left shunt at the atrial level. The left ventricular PO2 was 41.4 torr and saturation was 78%. The pulmonary artery pressure was moderately elevated to about 2/3 systemic pressure. A left ventricular cineangiocardiogram revealed no abnormalities. A right upper pulmonary vein cineangiocardiogram in a four-chamber view showed a large, secundum type atrial septal defect. The arterial desaturation was attributed to persistent pulmonary hypertension and right-to-left shunting at the atrial level.
The infant's subsequent course was uneventful and she showed no signs of congestive heart failure, although she continued with a subnormal growth curve and mild cyanosis on crying. At 22 months of age, her physical examination was unremarkable except for mild duskiness. She underwent a repeat cardiac catheterization at that age (Table I) .
The intracardiac pressures were normal but she continued to have desaturation of the left atrium and left ventricle. The pulmonary veins were normally saturated. The pulmonary venous PO2 on 100% oxygen rose to 480. The left atrial PO2 in room air was 59, and on 100% oxygen was 83. The hemoglobin was 15Gm/100ml and hematocrit was 45%. The pulmonary artery cineangiogram (Fig. 1 ) demonstrated a direct communication between the lower branch of right pulmonary artery and left atrium through an aneurysmal sac. The pulmonary veins appeared to drain normally and no other structural anomalies were noted. A right upper pulmonary vein injection with four-chamber view showed spontaneous closure of the previously present large atrial septal defect.
The child underwent surgery. Through a right thoracotomy, a dilated communication between the right pulmonary artery and left atrium was identified; the right inferior pulmonary vein appeared to drain in the left atrium near the aneurysmal sac. The abnormal channel was ligated. The arterial PO2 rose from 59 to 317 on 100% oxygen. The child made an uneventful recovery and is currently doing well.
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DISCUSSION
A direct communication between the right pulmonary artery and left atrium is a distinct and well-defined entity. It deserves to be included in the differential diagnosis of a cyanotic newborn, particularly in the absence of an obvious cause of cyanosis and in the face of a normal two-dimensional echocardiogram.
Other conditions to be considered in this category include single or multiple pulmonary arteriovenous fistulae, and anomalous drainage of left superior vena cava into the left atrium. Intrapulmonary right-to-left shunting, as observed in chronic lung disease, should also be considered. In our case, the arterial desaturation on the first day of life was attributed to persistent fetal circulation, which is hemodynamically manifested by pulmonary hypertension and arterial desaturation with right-to-left shunting at the atrial level. Based on oxymetry, one requires multiple sampling of pulmonary venous and left atrial blood to clearly distinguish between persistent fetal circulation and this entity. A contrast echocardiogram can be just as useful in demonstrating early filling of the left atrium with right-sided injection as a dye dilution curve would be suggestive of such a shunt. Neither of these techniques, however, will clearly define the anatomy. The most definitive means of diagnosing this entity is a good quality pulmonary arteriogram which directly demonstrates the communication.
In our opinion, a pulmonary arteriogram should be a part of the workup in a cyanotic newborn or child without evidence of an intracardiac cyanotic lesion.
Although a normal two-dimensional echocardiogram in the newborn with cyanosis is comforting and is sufficient to defer an emergency cardiac catheterization, the exclusion of this entity may necessitate a cardiac catheterization, particularly if contrast echocardiography suggests a right-to-left shunt at the atrial level.
In view of the risks of potential complications related to hypoxemia and right-to-left shunting (i.e., hemoptysis, polycythemia, brain abscess, cerebral and peripheral emboli or a hemorrhagic complication), early surgical ligation of this communication is recommended. Under the present circumstances, it should be an innocuous and low risk operation in early infancy and childhood, provided it is carried out early and before complications arise. Although the cases reported in the literature show a relatively high surgical mortality of 5/18,8),14)-16),18) 3 of these cases were adults who died of post-operative complications such as gastric bleeding, heart failure and pulmonary emboli. Surgical correction of the lesion upon diagnosis is justified in order to prevent many potential embolic and hypoxemic related complications.
To our knowledge, this case is the 22nd patient to be reported. Of 21 cases (Table II) , 14 were male and 7 were female. The ages at the time of diagnosis ranged from 1 day to 45 years. All cases presented with cyanosis and clubbing. Cyanosis was noted at birth in 7/22 cases. The diagnosis was made at 1-day of age in 2 cases.18),20) Nonspecific heart murmurs have been described in 7/21. Exertional dyspnea was present in 14/21 and all cases were polycythemic. The electrocardiogram was either normal or showed left-atrial enlargement and left-ventricular hypertrophy (8/21). The oldest patient in the series12) presented with atrial fibrillation. Cardiac enlargement on chest X-ray was a late finding, noted in 11/18 cases. An abnormal right hilar density or a density behind the left atrium was often noted in older patients. Of all the diagnostic methods including oxymetry , dye dilation and angiocardiography, the latter has proved to be the most reliable means of making a diagnosis in 20/22 cases. Associated anomalies are reported and include atrial septal defect in 2,2),17) a pulmonary arteriovenous fistula in 1,4) agenesis of the right lower lobe of the lung in 23),9) and pulmonary sequestration in 1 case.8) Other associated anomalies have been hemagioma of forehead,9) stenosis of left pulmonary artery,3),20) and varicose veins of the legs.1) The most common anatomic form, type one, has pulmonary vein drainage that is independent of the communication. In type two, the fistula includes the right lower pulmonary vein and in type three, all pulmonary veins enter the aneurysmal sac.1) This anomaly is considered as a type of pulmonary arteriovenous fistula which is outside the pulmonary parenchyma and no clear embryologic explanation has yet been given.1) There is a relatively high incidence of embolic systemic and cerebral complications in the cases reported in the literature. Two patients8),12) had cerebral and systemic embolization and infarcts of the spleen, kidney and heart. One patient3) died of a brain abscess.
Of the 18 patients who underwent surgery, 5 have died.8),14)-16),18) One case developed transient episodes of complete AV block.5) The remaining have made an uneventful recovery and, in all cases, the cyanosis disappeared after the ligation of the abnormal communication.
